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having related oriented structures. X2S da sugcest that the

ta
W-terminzted n-alkanethiolzte monolazyers, like those derived from

are cempesed of trans-extenced chains having
lentzticns con ccpper and silver that &re closer to th
ar to the surface than eare those cn gecld. We have

(“mixed monolayexrs”) by
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£ all three metals to mixtures ¢f ES(CH2)1:CH and
ES(CHz) 11CH3. . On all three, the wettzbility of ¢
cevers the range between the extremes: ;
Velues of the advancing contact ancle ©
their composition by Cassie's expressicn. The similarity in
wettzbilities of these surfzces, and the fzct that wettebility is
relzted to surfazce compcsition by a simple linear relationship,
both argue that -CH20H and -CHzCH3 functicnal groups behave
arproximately independently at the monolayer-air (water)

nterface. Interactions between functional groups, and

}-

substantial variations in the structure of the underlying
polymethylene region of the SAM are much less important in
cetermining interfacial free energies than are the areas the

functicnal groups occupy at the interface.
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Abstract

Long-chain alkanethiols (HS(CH2)pX) adsorb from golution ento
the surfaces of freshly evaporated copper, silver and gold films
and form oriented monolayers. Both polar and non-polar tail
¢rours (X) can be accommodated in these adscrptions. Adscrption
cn 2ll three metals cenerates self-assembled monolayers (SAMs)
exhibiting similar wetting properties, and thus, by inference,

ing related oriented structures. XPS cdata suggest that the

<

Je

)-terminated n-alkanethiolzte monoleayers, like thcse cderxrived frem

e

simple azlkanethiols, are composed of trans-extencded chains having
crientaztions cn ccpper and silver that are closer to the
erpendicular to the surfzce than ere those on cold. We have
rrervared and characterized monolzyers (“mixed monolayers”) by

xposure of 21l three metals to mixtures cf ES(CHz)110H and

L)

ES(CH2)11CH3. ©On all three, the wettzbility of the interfaces
covers the rance between the extremes: 8,20 = ~10° and ~115°.
Values of the advancing contact angle cf water can be relzted to
their composition by Cassie's expressicn. The similarity in
wettébilities of these surfaces, and the fact theat wettability I:
relazted to surface compositicn by a simple linear relationship,
both argue that -CH20H and -CH2CH3 functicnal groups behave
approximately independently at the monolayer-air (water)
irnterface. 1Interactions between functional groups, and
stbstantial variations in the structure of the unrierlying
polymethylene regicn of the SAM are much less ‘mportant in
cetermining interfacial free energies than are the areas the

functicnal groups occupy at the interface.




Introduction

Long-chain alkanethiols (BSi{CHy)nCE3) adsorb from solution onto
the surfaces of coprper, s.ilver, end gold and form densely packed,
oriented monolayer films (self-assembled monolayers, SAMs) that
are attached to the surface as metal thiolates (RS™M*).3-22 on
gold, alkanethiolate monolayers, cderived f:dm alkxyl thiols or
disulfides, have provided systems used for studies of wetting, 612
achesicn, 3 prctein adsorpticnlé/15 znd electrochemistry.15-19
Trhese assemblies cffer a hich degree of contrel over the thickness
c¢f the monclayer, and zcccmodate a wide range of polar and non-

2il groups at the orposite terminus c¢f the polymethylene
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eli-zssembling system reported to be capable of cenerzting the

n

widest variety of orcanic interfaces is that based on adsorption

w-substituted alkanethiols on gold.6-22,14,17,19-21 gpere we

0O
A1)

report that the chemistry described for alkyl thiolates on gold
can be readily extended to alkyl thiolates cn silver, and, with

reater experimentel difficulty, to copper. We also provide data

[Te]

hat suggests thet, while the alkznethiolate monolazyers on silver

t

and cepper have structures that are distinct from (although
closely related to) those formed on ¢old, similar wettabilities
ere cobserved for corresponding SiMs on all three metals. We and
cthers have described extensive structural studies of
unsubstituted alkanethiolates on gold,3:16.22 silver3.4 and copper.3
The emchasis in the present paper is con alkanethiolates bearing

terminal substituents, especially polar ones. Ulman et al.?3 have




reported that mecnolayers formed by adsorpticn of HS(CH2)110H on

silver and gold have different wettabilities: 6520 ~20° and <10°,

respectively. We find the wettability of SAMs on silver and cgold

derived from hydroxyl-terminated alkanethiols, including those
derived ES(CH3)310H, to be the same, althouch we have observed

: hot : s 3 a
hicher values of 6;20 cn silver whose surface has oxidized.

Mzny self-azssembling systems now exist that can ¢generzte

lcw-enercy surfaces;3-6:24,25 nowever, the number capable of

gernerating high-enercy surfaces, in one asssembly step, are few.
while n-alkanoic acids adsorb cnto varicus metal
nd form criented, oleophoric monolayers, 25 ©-hydrexy- and

W-aminc-zlkanoic acicds adsorb and form pocrly organized £ilms that

8]

re nct wet by water (prokebly beczuse they form "looped"

es with polar functionalities in both o~ and ®-peositions
coordinazted to the surface). Relaztively hydrophilic surfaces (6§'Zo
= 30-30°) have been prepared on silica in a two-step procedure:
first, zadscrption of an alkyltrichlorosilane having a terminal
clefin, ester, or zlkyl sulfide group on silica;26-28 second,
crhemical transformetion of the non-poler terminal group into a
mcre polar group (carboxylic acid,26 alcohol, 2627 sulfone<®)., This
tyre of system hes two disadvantaces. First, the monoclayers of
alkylsiloxanes on silica are probably intrinsically less ordered
then SAMs on cold and silver,?? and are unguestionably mcre
difficult to prepare in highly-ordered form; second, the reactions
vsed to convert functionalities present in these SAMs to more
Thus,

polar fcrms certainly proceed in yields less than 100%.30

the alkylsiloxane mcnolayers having polar terminal functionality




are probably discrdered both in structure and in composition at
their termini.

In contrast, interfaces that are both polar and highly wettable
(alcohols, §/17:21 carboxylic acids, 6/10,17,21 phosphocholines, 20

amicdes?!) have been prepared by adsorption of the corresponding

alkanethiols onto gold surfaces. We believed the ability of ¢old

to discriminate between hard and soft3! tail groups could be
extencded to surfaces of ccpper and silver.3?

In a previcus paper,> we have shcwn that n-alkanethiols adsorbd
cnto ccprer and silver and form oriented, denéely packed
mcnolavers., These SAMs differ in one respect from those formed c¢n
ccld; XPS and IR spectroscopy indicated thazt the alkyl chains ere
criented closer to the perpendicular to the surfazce of the metal
cn coprer and silver than on geold {cant angles, relative to the
surface normal zre 13° (copper and silver) and 28° (gold)). We
note that the SAMs studied in that report3 and here exhibited no
(cr little) surface oxide on silver and cold; the monolayers

formed cn copper were supported on an interphase that contained

oxicde even thouch exposure of the unfunctionalized surface to the

atmosphere was minimized.

Results and Discussion

Films cf copper, silver, and gold were prepared by evaporation
of the metals onto pre-cut slides of Cr-primed Si(100) using a
resistively heated tungsten filament or an electron beam. The
slides were immersed in 1 mM deoxycenated ethanolic solutions33 of

various W-terminated alkanethiols for 2-12 h and characterized by




measurement of contact angle and XPS. Some SAMs on copper (X =
CH3, CHE=CHy) were prepared from iscoctane aznd exhibited lower
hysteresis than corresponding SAMs formed from ethanol. The
evaporated films of copper and silver were transferred to solution
under a flow cf Ar; films of gold was transferred under air.
Table I summarizes the advancing and receding contact angles of
water and hexacdeczne on the resulting SAMs.

In ¢enerzl, the wetting behaviors observed on the monolayers
crepared on silver and copper are similar to those prepared on

c¢old; the hysteresis in the contact angles of water is generally

crezter cn the corper surfaces. We believe that this increzse is

H

prebebly due to the rouchening of the metal-zir (or monolayer)

terface that occurs during oxicdation and subsequent adsorption
. . Ca s H;0
e thicl. We note that the range of wettazbilities -- for 6,°¢

[
o]

.

cf ¢

»

= 120° to 9220 < 15° -- demonstrated on copper, silver, and gold

cannct be achieved in other self-zssembling systems.

The only crgenic groups that yielded hichly hydrecphilic
surfaces (6§2° < 20°) are those that expcsed groups capable of
hydrogen-bond donation (OH, COzH, CONHz). Alkanethiocls terminating
in X = OH cr CO2H did not always yield SAMs on copper that were as
hydrophilic as those formed on gold or silver; for X = OH, SAMs
were not wet by water only for long-chain (n > 16) adsorkates.
Carboxylic acids and alcohols will form monolayers on most (if not
all) metal oxides;2% we believe that the films formed on our
slightly cxidixed copper surfaces probably consist, in part, of
"looped"34 and/cr "inverted" structures. These overall structures

would expose a hydrophobic, disordered interface to the contacting
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liguid (vicde infra). Alkenethiols termineting in polar grougrs

adserbed on silver urfaces that contained z2n oxide interphase
also yielcded less hydrophilic surfaces; the contact angles

reported here on silver (Table I, Entries 17-25) were only

cbtzazined when exposure of the evaporated silver to atmosphere was
minimized. The adsorption of scme fraction cf the tail groups to

the oxice surféce may explain scme o the hicher contact engles of
man end cc.~orkers for pcler orceanic surfcces
23 We have Leen able to reproduce the hicher

of water repcrted by Ulmazn et al. by alillowing the

sufficiently before expcsure to an ©O-hydroxy-
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by Ulman et 21.23 that wettability ¢
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i .csorption of HS(CH2)110H on gold and silver

—

gre different, and ccmputetions retionalizing this reported

difference recuire, in our opinion reanalysis: in cur

wettatllity of khycdrcxyl-termaneted alkenethiovlace

monoleyers on silver end gold are the same.

The hichly hydrophilic surfaces (X = Oh CONEz and CO2H; Entries

17-21) provicde en example of the sensitivity of wetting cf these
systems to structure. Replacement of a hydrogen atcm in these
structures by a methyl group (X = OCHa, CONFCEHz, COCH3; Entries
11, 15, 16) is sufficient to chance these very hydrophilic

-

surfaces to hycrophcbic surfaces (9?20 70-90°) that are also no

lornger wet by hexadecane; similar effects have been observed
creviously,7,21,35
Trhe mecnoclayers formed cn the three metal surfaces were

characterized by X2S to cetermine their structural similarity to



films formed from simple n-alkanethiols (Figure 1); XPS czn be
used as a measure of the thickness of a film by determining the
attenuation cf photoelectrons from the underlying substrzte by the
adsorbed layer.3® We have previously shown for n-alkanethiolate
mcnolayers fcocrmed on the three metals thet conclusions concerning
the structure of the SAM drawn from XPS attenuations agreed with
these frem IR.3/37 fFor this study, the variations in head croups

ccmplicate compariscon; we acect the conventicn of comparing the

in the &cdscrbed molecule (see Tzble I). While this treatment is
arnd does not tezke full zccount ci differences in the
ructures of the vaerious tzil groups, it provides a useful
ccmperiscn. The degree of attenvation is also a function of the
kinetic enercy of the photoelectrons,?® and we compare peaks of
similar energies -- that is, in Figure 1, 2u(4d) (BE = 1143 eV)
with Rg(3dsys2) (BE = 1119 eV); Ru(éf,/2) (BE = 1402 eV) with Cu(ip)
(BE = 1410 eV). CEach datum was obtzined in ~3 min and the demace
to the mcnolayers in this interval due to exposure to X-razys wes
negligible. Figure 1 shows that the attenuation, and thus the
relative thicknesses of the monolayers containing tail groups of
differing polarity but commensurate in size with the polymethylene
chains, are similar to those derived from n-alkanethiols
throughout a series on a particular metal. We stress that the XPS
data presented here imply that the functional groups are supported

on a hydrocarbecn layer ((CH2)p) that is analogous in thickness end

thus in packing density to simple n-alkanethiolate monolayers cn




Figure 1. Intensity of photoelectrons due to the underlying
metal substrate fcr various monoclayers adsorbed on the surfaces of
copper (O0), silver (CU, and gold (O) from absoclute ethanol. We
define "molecular length" as the number of contiguous atoms in the
adsorbate spanning the monolayer. (For example, for
metal/SCHE2C0O2CH3 the molecular length would Se 6.) The numeric
labels refer to compounds listed in Table I. Zbsolute
photoelectrcon intensities are a function of instrumental
perezmeters and the sets of data have been cffset vertically to
facilitate comparison; only the sicpes are important here. The
kinetic enexcies of photoelectrons for each ¢rach zre similar:

1402 eV and Cul(3p) = 1412 eV; 2u(4cd) = 1143 eV and

4
=
o>
th
<)

~
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2g(3c¢s/2) 1119 eV. The filled symbols correspond to SEMs derived

frem n-zlkzanethiols (X = CEsz). UPLashed lines were determined frem
linear least sqguare fits to data obtained from adsorption of

n-alkaznethiols cn the three metals; the hicher slopes cbtained on
corper and silver cdemonstrate that the SAMs formed on these metals

are criented closer to the surfzce normazl than those formed on

cold: Au(4d) = -0.049 vs. Ag(3dsyz) = -0.057; Au(4fy/2) = ~-0.041

vs. Cu(3p) = =-0.051.
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the various metals.3% These differences in the change in thickness
with atomic length between SAMs formed on the three metals suggest
that the orientzation of the &xis of the polymethylene chain is
closer to the normal to the surface on copper and silver than on
cold. The XPS data do not, however, indicate anything about fine
details of structure, especially the orientation of the tail
groups. At room temperature, calculations by Hautman and Klein
indicate the tail croups to be dynamic and disordered.40.41

The XPS attenuveticn cf the films formed on copper by expcsure

ES(CH2) nCOzH or ES(CH2)ig,220H suggests that the packing density

the film eppreximates a densely packed oriented monolayexr. The

(2]

o]
wettzbilities of these films are, however, inconsistent with the
formation of an interface comprising densely packed carboxylic

acid or hydroxyl groups (vide supra). The films were examined
further by XPS. Eigh resolution spectra of the S(2p) region
revezled a broad envelcpe that could not be fit by a single spin=-
orbital doublet. The presence of intensity at slightly higher
binding energies. (A = 1 eV) from that expected for metal-thiolates
suggests that some of the sulfur-containing species are present as
thiols. Similar wetting and XPS features could be observed on
silver that had been hichly oxidized.

Mixed Monolayers Adsorbed £rom Ethanol Solution. In a
further compariscn of the characteristics of S2AMs on the three
metals, we determined contact angles on mixed monolayers®:9
prepared by adsorbing BS(CH2)311CHs and HS(CH2)310H from 1 mM
ethanolic solutions containing mixtures of these two compounds.

The metals were exposed to the contacting solution for 2 h. The




wettabilities of the resulting monolayers for various compositicns
of the solutions and of the resulting SAMs are plotted in Figure
2. The surface compositions were determined from XPS by comparing
the intensity of the O(ls).peak in ﬁhe mixed monolayer tolthe
intensity of the monolayer derived from pure HS(CH2)110H.
Determinations cf the surface compositicns on copper were
ccmplicated by the presence of surface cxide and are therefore

lichtly less zccurazte than on gold and silver.$2 The three

n

svstems were dynamic: the films incorporated more dodecanethiol
and became increasing hydrophobic with extended exposure to the
ethanolic scluticns. The relation between wettability and surface
cemposition did not change with time and we have inclucded data
from loncer expocsure times in the lower panel of Figure 2.

On all three metals, the SAMs exhibited similzr wettzbilities
gt the same value of the mole fraction of the hydroxyl-centaining

- 2 B Soln _ sevrf
component in solution (Xq4y ) or on the surface (X5; ~). The two

alkanethiols adsorb on the three metzls forming monclayers cf
similar compositions, and the wettability of these mixed
monolayers is better described by Cassie's equationt3 (eg 1), then

by eq 2 suggested by Israelachvili and Geeé4 (Figure 2).

ccsB = £icosy + facoshy (1)

(1 + cosB)2 = £1(1 + cosB;)2 + f2(1 + cosB3)2 (2)

In eqg 1 and 2, £, is defined as the fractional area of the surface

that is type n, and 8, as the contact angle on a pure homogeneous

surface of type n; hydroxyl and methyl groups are sufficiently

£
similar in size that we assume f, and Xi“r‘ are ecuivalent for the

10




Figure 2. Ccmparison of monolayers adsorbed on copper‘(O),
silver (O0), and gold (<>) from mixtures of HS(CHz)3110H and
ES(CE2)11CH3 dissolved in ethanol after 2 h exposure. Solutions
were 1 mM in total thiol concentraticn. Advancing and reéeding
centact angles (filled and open symbols, respectively) were
measured cn static drops of water. Surface compositions
(ratterned symbols) were cdetermined from XPS by scaling the 0O(ls)
si¢cnal to that cbtained ¢n the pure HS(CH2)11CE-derived monolayer:;
tnhe background level of oxycen on corper (cdetermined from the pure
HS(CH2)11CH3-cderived monolayer) was subtracted from all corper

-
1

les nalysis.%? Czssie's equaticn®3 (solid lines;

o]

rt
n

or

)
[11]
3
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13
'J.

tes the surfzce ccmpositicn linearly to the

o3

el

fu

h

~
H

ctics

3]

cr

[y}
'

wettebility of the monolayer by water. Israelachvili and Gee's
ecuation®? (cashed lirne) does nct describe the relation between
advancing ccntac; egngle and surfzce composition as well as
Cassie’s eguation. The lowest pznel includes data obtained from

samples that were expcsed to the contacting solutions for 2-48 h.
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system studied here. We discuss the comparison of these egquations

further below.
uré

C , . N S
e similarity in surface compositions (Xg; ~) at a common value

3

of solution compesiticn (ngln) is remarkable given the differences
in the structures of the monoclayers, the strength of the various
thiclate-metal bcnds, and most importantly, the different
chemistries that must be occurring during adsorgtion of the thicls
cnto surfzces having differing amounts of oxicde. This similarity

ing for silver (which has zn cxicde surfzce

(which deces not).

o3
44
'h
O
H
(1]
[
b
U
[0}
n
o
H
o
ct
O
ct
o g
Vo
o]
1=
o
o]
Q.
(18]
o]
'_l
[¢N

contact ancles of water zppeers censtant

o

Trhe hysteresis in th
over zll surface ccmpesitions (end wettabilities) cn each of the
three metals. This cbservation suggests that any islanded domains
that mazy have formed have similer size. 7The hvsteresis cn each

metal, however, is significantly different (Cu > Ag > Au). Since

ce roucghness of the metals may be different, hysteresis

th

111

the sur

.

not be related directly to differences in the structures of the

3

ca
mecnolayers.

Mixed Monolayers Adsorbed from Iscoctane Solution. We
also examined whether the characteristics of the mixed monolayers
cn the three metals differed in their response to the solvent used
in their preparation. Figure 3 gives data using iscoctane as a
solvent that parallel those in Figure 2 using ethanol. Bain et
@i. Lave shown that the preference of 2lkarethiols terminated with
polar functional groups for a gold surface could be dramatically
increased relative to non-polar alkanethiols by using a less polar

solvent in adsorption of the SAM.? Figure 3 shows that similar




Figure 3. Comparison of monclayers adsorbed on copper (O),
silver (O), and gold (<>) rom mixtures of HS(CH2)110CH and
HS(CH)11CH3 dissolved in isococtane after 1 h exposure. Solutions

were 1 mM in total thiol concentration. Data were analyzed and

are presented as in Figure 2.
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behavicrs occur on all three metals using isococtane as the solvent
for the alkanethiols, and that all three differ in similar ways
frocm monolayers formed from ethznol. While the -CH3z and -CH20H
terminated thiols competed about equally for the metal surfaces

from ethanol, the latter absorbs preferentially from isooctzne.

. . . e s Surf ,
With continued exposure to the contacting solution, XO;r increases

eand the film beccmes more hydrorhilic. Although the adsorpticen

iles from isocctane are different frcm those performed from

th

o

el

e wetting data are agazin better described by eg 1 thzan

rt

thanel,

1

fu

€q 2 even thouch the hydrcphilicity of the pure hydroxyl surface
(Zi;:f = 1.0) is substantially less from isooctane on 2all three
metals than from ethanol. Adsorption of hydroxyl-terminated
thiols onto gold from a non-hydrogcen-bonding solvent has been
shewn to result in SAMs that are less hydrephilic than these

formed in ethaznol.? We do not kncw the cazuse of this difference:

two possibilities are fcrmation of hydrocen-boncded networks having -

different structures, or contamination cf the polar interface by

th

impurities in solvent.

Ulman%5 has recently proposed the presence of a wetting
transition for SAMs on gold derived for mixtures of CH3(CH2)11SH
and EO(CXH3z)311SH. The data in Figures 2 and 3 clearly do not
stpport the presence of a wetting transition for water in these
mixed monolayers on gold, silver or copper. No significant
departures from Cassie’s ecuation were observed with SAMs adsorbed
from ethanol or isooctane on any of the three metals studied here.

The Relation Between Wettability and Surface

Composition: Cassie vs. Israelachvili-Gee. Israelachvili

12




and Gee%4 have suggested eq 2 as an alternative to egq 1 “whenever
the size cf chemically heterogeneous ratches approach molecular or
atcemic dimensions.” We have shcwn here that SAMs prepared from
mixtures of CH3(CHz)11SH and HO(CHz)11SH are better described by eq
1l then eq 2. 1In contrast, Bain et al. have shown that mixed SaMs
en ¢old prepared from CH3z(CEz)10SH and HO(CHE2)11SH are more

yydrophilic than Cassie's relation would suggest.? We have

'y
'J

eir data and find that the wettzbility of the mixed

o g

e

|-

earnalyced ¢

menolayvers is well described by eg 2.%4% wWny the apparent
Cisazgreement in two very similar systems? One pcssible hypothesis

-~

het trhe fcrmer system forms SAMs that are hichly

[o)
-~

()
ct

2]
'j
Q
.
t

nd the latter cdoes not. While we have no explicit proct

j—
[0
m
[o 2

S 1ce

=3

4.
.

concerning the degree of aggregation present in these systems, we
feel that the effect can be explained in terms of the differences
in the molecular-level heterogeneity present in the two systems,
erd propose, as one hypothesis, a razticnalization based on
micrcscepic rouchness.

If one extends Cassie's relation to the molecular level and
sums over the surface areas of hycdroxyl and methyl croups, a
difference between the two systems becomes apparent that may be
important. The two systems differ by a single methylene in the
methyl-terminated alkanethiol (Figure 4). In the system reported
here, the mixed monolayer should, on the average, expose the two
functionalities at a common molecular height (Case I). The
molecular-level surface aiea should not change over all surface

compesitions; the surface area of a hydrecxyl should be linearly

related to its surface composition. We predict a linear relaticn




Case I. 1:1 Mixed monolayer derived from
HS(CH,),,OH and HS(CH,),,CHj;

XS ONNDNDEON
Hydrocarbon
N SN

Case Ill. 1:1 Mixed monolayer derived from
HS(CH,),,OH and HS(CH,),,CHj,

A ANPNEND D
' Hydrocarbon
x\\\\ ruan

Figure 4. Schemetic illustration of the surfaces of monolayers
cderived from mixtures of ES(CH2)110H and HS(CH2)13CH3 (Case I) and
ES (CH2) 1104 and ES(CHz)1(CHE3 (Case II). Cases I and II differ by
orne methylene in the length of the hydroxyl-terminzted chain.
Experimentally, the advancing and receding contact angles of water
in the two systems are related to the molar fraction of the two
components by different expressions: Case I, eg 1; Case II, eq 2.
We hypothesize that the difference in wetting may be due to '
greater exposure of the hydroxyl groups in Case II than in Case I.
The diagrams are schematic and oversimplified: both surfaces are

disordered to an extent we cannct presently specify.
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retween wettability and surface compesir.on. In the mixed
mcnolayers studied by Bain 2t al.,f the hydroxyl groups can, on the
eaverage, reside zbove the p.ane cf the methyl suvrface (Case II).
The suriace of the mixed monolayer containing two componedts cf

édifferent lencgths might be microscopically rougher, and have a

larcer surface area, than for SAMs derived from either of the two

fof
H
o)
%
l<
'._J
ite
H
0
e
io]
w
®
X
rt
o
)
o
™
o3
o
b7
o
ot
by
o

ccmpenents alcne. 3Because the hy

clazne cefined by the methyl creours, the fraction c¢f the surface
areaz cdiue to hydrcxyl grcurs sheould be grezter than the surfece

Conclusicns

W-Terminated alkenethiols fcrm criented monolayers on ccopper,
silver and c¢old surfaces that exhiri: similaer wetting prcperties,
althcuch they differ sicgnificartly in ¢ rucfure (specifically in
the cant angles of the trzns-extended chains: on c¢old, 28° cn

ccprper and silver, 13°). In perticular, we cbserved no

| =

Lty ¢ nvirtexyl-terminatad menolayers.

differences in the wettzlri

iszgreement with reports by Ulm:n e< 2l.23

0.

his observatiocn is in
The three metals accommodate a variety of tail groups; crganic
surfaces of a wide range cf wettabilities (9220 of <15° to ~115°)
can be cenerated on each. Monolayers prepared on each of these
metals frcm mixtures of alkanethiols of similer chain lengths
containing different tail groups show similar relations between

the compositicns or the menolayers and the compositions of the




solutions from which they were formed,47 and exhibit similar
wettabilities. The wettability of the mixed monolayers cerived
frem alkanethiocls having the same number of methylene groups are
better Jescribed by the relation of Cassie43 than of Israelachvili
and Gee.%4 No wetting transition was observed on SAMs on gold,
silver or corper prepared from mixtures of HS(CH2)3110H and

&

ES({CH2)11CE3. This observation disagrees with a recent report by

Ulman et 2l.%> for SAMs on gold.

Experimental

Materials. 1l-Bromo-undecyl t-butyldimethylsilyl ether znd

iols were available from previous studies;®6:22,48

153

mest alkanet
cther materials were cbtained freom Aldrich and used &s received
unless specified. Octadecanethiol was distilled under reduced
pressure rrior to use.‘ 1,1,2,2-Dihydrico-perflucrooctyl thicl and
l6-mercapto~hexacdecancamide were gifts of Dr. Nandan Rao (Dupent)
and Dr. Ralph G. Nuzzo (AT&T Bell lebs), respectively. 1l6-Cyano-
l-hexacecene® and 10-undecenamide>0 were precared by literzture
procedures., Isooctane was percolated through neutral alumina to
remove polar products of cxideticn. &Absolute ethanol (Quantum
Chemical Corp.) and isooctane were decxygenzted with bukbling N;
for 0 min prior to use. Details of the preparaticn of th
following molecules are given in supplementary material to this
journal: 11-(2,2,3,3,3-pentaflucoropropoxy)-undecanethicl, ethyl-
ll~-mercapto-undecanocate, ll-cyano-l-undecyl thiol, 16-cyano—1—
hexzdecyl thiol, Zl~cyano-l-heneicosyl thicl, 10-merczpto-1-

decanol, 22-mercapto-l-docosanol, and ll-mercapto-undecanamide.

15




Preparation and Characterization of Monolayers.

Procedures were identical with those previously reported;3
substrates were prepared by evaporation in a cryogenically-pumped
electrcn beam evaporator (base pressure = 8 X 1078 torr). ‘Single-
ccmponent monolayers were characterized by wetting and XPS after
immersion for 12 h in 1 mM deoxygenated ethanolic solutions.

Mixed monolavers were formed from decoxygenated soluticns that were

1 mM in total thiocl concentration:; immersicn times for mixed

menolayers ere &s stated in the figure czptions.
Acknowledgements. We are grzteful to Dr. Nandan Rao
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Supplementary Material Available. Details of the
preparation of 11-(2,2,3,3,3-pentafluoropropoxy)~undecanethicl,
ethyl-ll-mercarto-undecanoate, ll-cyazno-l-undecyl thiol, 1l6~cyano-
l-hexadecyl thiol, and 21l-cyano-l-heneicosyl thiel, 1l0-mercapto-1l-

decanol, 2Z2-mercapto-l-~docosanol and ll-mercazpto-undecanamicde (11

peges). Orcering informaticn is given on any current masthead
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ece.
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36. The intensity of the photoelectron peak due to an

uncerlayer decreases exponentially with the thickness of the
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cverlayer due to inelastic scattering of photoelectrons from the

underlayer with the overlayer (Briggs, D.; Seah, M. Practicel

Surface Analysis; Wiley: Chichester, 1983; p 211).

37. IR could also be used to characterize the structure of
these monoleyers though absolute determination of structure by IR
is confouncded by cholce cf a reference state. We believe that
once a2 stancdard (n-alkanethiols) has been evaluated;3.4,16.21
compariscn to it by XPS is not cnly more convenient but is
y @lso no less accurzte cr precice. The thickness cf the
SM can be estimeted frcm the attenueation of photoelectrons by the
£ilm.36 Assuming the SAM to contain trans-extended polymethylen
chazins, the thickness is relzted to the zangle the adsorbate is
criented on the metal. Details pertaining to head group

orientation and twisting of the polymethylene chains are, hcwever,

cdeterminzble by IR and not by XPS.
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8. Seeh, M. P.; Dench, W. A. Surf. Interfzce Znal. 1979, 1,

2-11,
39. Nuzzo et a2l.2! have shown by IR that wW-substituted-

pentacecanethiolate monolayers on cold have similar structures
when the head group is commensurate in size with the polymethylene

chain.

40. Heutman, J.; Klein, M. L. J. Chem. Phys. 1989, 91, 4994-
5001.

41. At room temperature, it is difficult to imagine that the
tail groups would adopt a single orientation. The structure of

alkanethiolate monolayers cn gold (by helium diffraction and IR,
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respectively) is more crystalline at low temperatures (~100 K)
than at room temperature.??

42. The different O(ls) peaks overlapped slightly (binding
energy, peak width: oxide = 530.4 eV, ~2.0 eV; hydroxyl = 533.0
eV, ~2.0 eV) but could be resolved via chi sguare analysis of the
cempesite sicnal.

43. Cassie, A. B. D. Discuss. Faraday Soc. 1948, 3, 11-16.

44. Isrzelachvili, J. N.; Gee, M. L. ILengmuir 1989, 5,

45. Ulmean, A.; Evens, S. D.; Shnidmen, Y.; Sharma, R.; tilers,
Cherng, J. C. J. Am. Chem. Soc. 1891, 113, 14¢¢-1506.
46. =Zain et 2l.9 zssumed a linear relationship between fcy and
-

" which may nct be zpplicable to monolavers derived from

mixtures of KES(CZ2)1104 and HES(CH2)10CH3 (see text). The
Surf

wettakbility cf these mixed monolavers cazn be related to XOH by eg
2 if cre assumes Xé::f = fop.

47. VWren the two alkenethiols differ in chain length (C:; and
C22), the surface compositions of monolayers fcrmed on silver and
cold from solutions containing mixtures of the two thiols can
differ by up to ~40 % (Laibinis, P. E.; Fox, M. A.; Folkers, J.
P.; Whitesides, G. M. Manuscript in preparaticn).

48. Laibinis, P. E.; Janes, L. E.; Prime, X. L.; Nuzzo, R. G.;
Whitesides, G. M. Manuscript in preparation.

49. Balanchander, N.; Sukenik, C. Langmuir 1990, 6, 1621~
1627.

50. Aschan, 0. Chem. Ber. 1898, 31, 2344-2350. Dobashi, Y.:

Eara, S§S. J. Org. Chem. 18987, 52, 24%0-2496.
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Figure Captions

Figure 1. Intensity of photoelectrons due to the underlying
metal substrate for various monolayers adsorbed on the surfaces of
copper (OJ), silver (<>), and gold (O) from absolute ethanol. We
define "molecular length"” as the number of cbntiguous atoms in the

adsorbate spanning the monolayer. (For example, for

metal/SCE7C02CH3 the molecular length would be 6.) The numeric

bels refer to compouncs listed in Tazble I. Absolute

=
n

hctoelectron intensities are a function of instrumental

gl

perameters and the sets of data have been offset vertically to
fzcilitzte comparison; only the slopes are important here. The
kinetic energies of photoelectrons for each ¢graph are similar:
Ru(4fq/2) = 1402 eV and Cu(3p) = 1412 eV; Au(4d) = 1143 eV and
2g(3dsy/2) = 1119 eV. The filled symbols correspond to SEMs cderived

rem n-zlkanethiocls (X = CXZ3). Dashed lines were determined frcm -
linear least scuare fits to dzta cbtained from adsorpticn of
n-alkanethiols on the three metals; the hicher slopes obtained on
ccrrer and silver demonstrate that the SAMs formed on these metals
are oriented clcser to the surface normal than those formed on

gcld: Au(4d) = -0.049 vs. Ag(3dsy2) = -0.057; Au(4f,,2) = -0.041

vs. Cu(3p) = -0.051.

Figure 2. Comparison of monolayers adsorbed on copper (O),
silver (0), and gold (©) from mixtures of HS(CHz)110H and
HES(CH2)11CHE3 dissolved in ethanol after 2 h exposure. Solutions

were 1 mM in total thiol concentration. Advancing and receding
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contact angles (filled and open symbols, respectively) were
measured on static drops of water. Surface compositions
(ratterned symbcls) were determined from XPS by scaling the O(1ls)
signal to that obtained on the pure HS(CH2)110H-derived monolayer;
the background level of oxygen on copper (determined from the pure
HS (CE2)11CE3~derived monolayer) was subtracted from all copper
samples prior to znalysis.%? Cassie's equation?3 (solid lines;
bettem ¢graph) relztes the surface composition linearly to the
wettzbility of the monolayer by water. Isrzelachvili and Gee's
equaticni? (dzshed line) does not describe the relaztion between
edvancing contact angle and surface composition as well as

Cassie’s eguetion. The lowest panel inclucdes cdata obtained from

samples that were exposed to the contacting solutions for 2-48 h.

Figure 3. Ccmparison of monolayers.adsorbed on copper (O),
silver (OO), and gold (<>) from mixtures of ES(CX2)313:0H and

HS(CH2) 11CH3 dissolved in isooctane after 1 h exposure. Solutions
were 1 mM in total thiol concentraztion. Data were analyzed and

&re presented as in Figure 2.

Figure 4. Schemztic illustration of the surfaces of monolayers
derived from mixtures of HS(CHE2)110H and KS(CH2)11CH3 (Case I) and
ES (CE2) 1104 and HES(CH2)10CH3 (Case II). Cases I and II differ by
one methylene in the length of the hydroxyl-terminated chain.
Experimentally, the advancing and receding contact angles of water
in the two systems are related to the molar fraction of the two

components by different expressions: Case I, eq 1; Case II, eq 2.
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We hypothesize that the difference in wetting may be due to
greater exposure of the hydroxyl groups in Case II than in Case I.

The dizgrams are schematic and oversimplified: both surfaces are

disordered to an extent we cannot presently specify.
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Materials. All materials were obtazined frem aldrich and used

&s received unless specified belcw. Thiocacetic acid was obtained

frem Fluka. 1l-Bremo-undecene was obta®ed frcm Pfaltz & EBauer,
NaCN from Fisher, 9-decenol from Alfa, and K2CO3 from Sigma.
Photolyses were conducted with a 100 W medium pressure Eg lamp.
Column chromatographic purifications were perxrformed wicth 230-400

mesh silica gel (EM Science). Melting points are reported
{

uncorrected. EZlemental znalyses were rerfcrmed kv Cneida Research

Services.

11-(2,2,3,3,3-Pentafluoropropoxy)-undecanethiol (2).

{2
-y~

Sodivm (0.850 g, 22 mmol) was added to a scluticn cf 2,2,3,

'EE and

-
-

flucro-preopano! (3.55 g, 23.7 mmel) ia 320 mL cdist

ct
W]

en

o]

stirred uncer Nz for 1 h. A solution of ll-ktremc-l-uncdecene (2.50

¢, 15.0 mﬁol) in 40 mL dist THEF was added and the mixture refluxed
for 72 h. The reaction was quenched by addéiticn of 30 mL dist H20
and subsequently extracted with CHzCl2 (3 x 25 mL). The organic
extracts were ccrmbined and concentrated. 11-(2,2,3,3,3-
pentafluoropropoxy)-l1-undecene wac separated from remaining 11-
Eromo-l-uncece..e by chromatngraphy (5% IZtCic/hexznes) and obtzined

as a colorless liguid (3.02 g, 10.0 mmol, 66%). 3IH NMR (CDCl3, 250

MHEz) 8 5.80 (m, 1 H), 4.95 (m , 1 H), 4.93 (m, 1 H), 3.85 (t, J =
13 Kz, 2 H), 3.56 (¢, J= 7 Hz, 2 H), 2.02 (qua~t, J = & Hz, 2 H),

1.55 (m, 4 H), 1.2-1.3 (m, 10 H).

A solution of 11-(2,2,3,3,3-pentzfluoropropoxy)-1l-undecene (2.96

g, 9.8 mmol), 4 mL of thiclacetic acid, and ~10 mg of AIBN were

combined in 40 mL of THF and photolyzed for 6 h.l The solution was

adcded to 200 mL of dist H20 and extracted with Et20 (3 x £0 ml).
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The orcanic extracts were combined, dried over MgSO4 and
ccncentrated to give a yellow ©il which was purified by
chrcmatograephy (% EtOAc/hexanes) and gave 11-(2,2,3,3,3-
prentafluoropropoxy)-l-uncecyl thicacetate as a colorless iiquid
(2.85 ¢, 7.5 mmcl, 77%). 1H NMR (CDCl3, 300 MHz) & 3.85 (t, J = 13
¥z, 2H), 3.56 (¢, J =7 Kz, 2 E), 2.84 (¢, J=7 Hz, 2 H), 2.30

(s, 3 %), 1.55 (my, 4 E), 1.31 (¢, J =17 Ez, 1 H), 1.2-1.3 (m, 10

A sclution ¢f 11-(2,2,3,3,3-pentefluorcpreopoxy)-l-undecyl
thicacetate (2.74 ¢, 7.24 mmol) in 30 mL MeCH was deoxygenated
with N Zfor 30 min., Greanular XpC03 (0.25 ¢, Sicma) was added and

d for 2 h uncer XNz. The reaction wes gqguenched by

(14

the mixture stirrs
additicn of 10% zguecus ECLl and the title compound serarated by
extraction with Et20 (3 x 25 mL). The orcanic extracts werxe
combined, dried with MgSQ4, &nd concentrzted. The oil was purified
Ty chrcmatography (5% EZtCRc/hexanes) and the title compound was

cotained as a colorless liguid (1.87 g, 5.56 mmol, 77%). 3IH NMR

(CDCl3, 300 M¥z) & 3.85 (t, J= 13 ¥z, 2 E), 3.56 (t, J =7 Ez, 2
¥), 2.50 (guart, J= 7 ¥z, 2 E), 1.5-1.6 (m, 4 H), 1.31 (¢, J=7
¥z, 1 H), 1.2-1.3 (m, 10 H). ZRnzl. Calcd (Found) for C1¢E23Fs50S:

C, 42.89 (50.29); H, 7.49 (7.44); S, 9.53 (8.69).
Ethyl-ll-mercapto-undecancate (9). Ethyl undecencate (10.6
g, 50.0 mmol), thiolacetic acid (5 ml) and ~5 mg AIEN were
ccmbined in 40 mL of TEF and photolyzed! for 12 h and subseguently
concentrated to give a yellow oil. The oil was dissolved in 60 mL

ers EtOH and the solution deoxygenated with bubkling Nz for 30 min.

Conc ECl (5 mL) was added and the solution was refluxed for 4 h




under Nj. fter concentration, the title ccmpound was cbtained by

(120-123 °C, <1 torr) as a colorless liguid

(7.70 ¢, 31.3 mmol, 62%). H NMR (CDCls, 300 MHz) & 4.10 (quart, J

= 7 ¥z, 2 H), 2.50 (guart, J= 7 Hz, 2 ¥), 2.26 (t, J = 17 Hz, 2
1.58 (m, 4 ¥), 1.30 (¢, J=17Ez, 1 H), 1.2-1.3 (m, 12 E),

1.23 (¢, J =7 Ez, 3 BE). p2nal. Calcd (Found) for CjzH2¢02S: C,
€3.37 (€3.33); H, 10.64 (10.68); s, 13.01 (13.82).

ll1-Cyano-1~undecyl thiol (12). A solution of 11-_._-cmo-
l-undecere (3.80 g, 16.7 mmol) and NaCN (1.53 ¢, 321.2 mmol) in 30
nL DMSO were stirred for 4 d.2 The solution was combined with 50
The organic

cist H20 and extracted with Zt20 (3 x 25 nml).

0 give ll-cyeanc-1l-uncecere (2.83 ¢,

rt

exiracts were ccncentrated
15.8 mmecl, S4%) as a colorless oil which was not purified further.
14 NMR (CDCli, 230 MHz) & 5.7-5.9 (m, 1 B), 4.%3 (m, 1 E), 4.¢

1 %)y, 2.31 (¢, 2 ¥, =17 Ez), 2.02 {(quart, 2 ¥, g= 7 Hz), 1.64

-

(p, 2 %), 1.2-1.5 (m, 12 &
A solution of ll-cyzno-l-undecene (2.83 ¢, 15.8 mmol),

thiolacetic acid (3 mL), AIEN (5 m¢g), and 50 mL MeCH were

rhoteclyzed for 12 h.! The solution was concentrated and ll-cvano-

l-undecyl thioceacetzte (3.42 g, 13.4 mmol, 85%) obtained by
chromatogrzphy (10% EtOAc/hexanes) as a colorless liguid. 2 NMR
(CDCl;y, 300 MHz) 8 2.87 (¢, 2 H, =17 Hz), 2.34 (t, 2 H, g=17

HEz), 2.32 (s, 3 K), 1.65 (quint, 2 ¥, J =7 Hz), 1.55 (m, 2 H),

1.2-1.5 (m, 14 H).

A solution of ll-cyano-l-undecyl thicacetate (1.20 g, 4.70 mmol)

in 15 mL MeOH was deoygenated with N2 for 30 min. Granular K3CO3

(0.5 g) was acdcded and the mixture was stirred for 3 h under Nj.




The reaction mixture was quenched with 10% HCl and extracted with
Et20 (3 x 20 mL). The organic extracts were combined and
ccncentrated. Chromatography (10% EtOAc/hexanes) afforded 11-
cyanc-undecyl thiol (480 mg, 2.25 mmol, 48%) and di(ll-cyaho—
uncdecyl) disulfide (300 mg, 0.71 mmol, 30%) as a colorless liquid
and a white solid, respectively. 11-Cyan§-undecyl thiol (12).
14 NMR (CDCls, 300 MEz) 8§ 2.50 (quart, 2 H, J = 7 Ez), 2.31 (t, 2
¥, J=17 Hz), 1.63 (m, 4 ¥), 1.31 (¢, 1, J=7 Bz), 1.2-1.4 (m,
14 H). 2zzl. Calcd (Found) for Ciz¥2:NS: C, 67.55 (67.6%9); X,
10.€6 (11.00); N, 6.56 (6.41); S, 15.02 (14.70). Di(ll-cyano-
undecyl) disulfide. M.P. 32-33 °C. 13 NMR (CDClsz, 300 MEz) §
2.5 (¢, 4 H, J=17 ¥z), 2.31 (t, 4 3, J=7 ¥z), 1.63 (m, 8 H),
1.2-1.45 (m, 28 H). Z2Znal. Calcd (Found) for Cz4H4¢N2S2: C, 67.87
(€7.82); H, 10.44 (10.55); N, 6.60 (6.45); S, 15.10 (14.69).
l16-cyano-l-hexadecyl thiol (13). A solution of 16-cyeno-1-
hexadecene3 (1.21 g, 4.87 mmol), thiolacetic acid (2 g), AIEN (10
mg) and 40 mL THF was photolyzed for 8 h.l The solution was
concentrated to yield a yellow solid which was purified by
chrematography (10% ZtCAc/hexanes) to yield l€é-cyano-l-hexadecyl

thiocacetzte as a white solid (1.45 g, 4.46 mmol, 92%). M.P. 56-57
°C. 13 NMR (CDCli, 250 MHz) § 2.84 (t, 2 H, J= 7 Ez2), 2.32 (t, 2
A, J =17 Ez), 2.30 (s, 3 HB), 1.64 (quint, 2 H, J = 7 Hz), 1.51 (m,
2 H), 1.2-1.5 (m, 24 H). Z2nal. Calcd (Found) for C3gH3gNOS: c,
70.10 (70.23); H, 10.84 (11.26); N, 4.30 (4.22); S, 9.85 (10.03).
A solution of l6-cyano-l-hexadecyl thicacetate in 50 mL MeOH was
deoxygenated with Nz for 20 min prior to addition of granular KCO3

(1.25 ¢g) and subseguent stirring under N2 for 2 h. The reacticn

SsS




was quenched by addition of 3 mL conc HECl and 50 mL dist HzO, and
extracted with Et20 (3 x 20 mL). The organic extracts were
combined and concentrated to yield a white solid that contained
two primary materials. Separation by chromatography (10%
EtOAhc/hexznes) afforded l6-cyano-l-hexadecyl thiol (1.09 g, 3.85
mmol, 90%) and di(l6-cyano-hexadecyl) disulfide (0.12 g, 0.21
mmol, 10%) as white solids. lé6~Cyano-hexadecyl thiol (13).
M.?. 39.5~40 °C. 1 NMR (CDClj, 300 MH2) & 2.50 (quart, 2 ¥, J = 7

(t, 2 H J=7Hz), 1.61 (m, 4 H, J =17 Ez), 1.30 (t, 1

42

Hz), 2.2
2 J=17 Ez), 1.2-1.5 (m, 24 H). Z2oa2l. Calcd (Found) for
Ci17H33NS: C, 72.02 (72.03); B, 11.73 (11.93); N, 4.%4 (4.82); S,
11.31 (12.34). Di-(l6-cyano-hexadecyl) disulfide. M.P. 61-64
°C. 3 NMR (CDCls3, 300 MHz) & 2.66 (t, 4 H, J = 7 Hz), 2.32 (t, 4
H, J =17 H2), 1.65 (m, 4 B), 1.2-1.%5 {m, 52 B). Z2ral. Calcd
(Found) for C34Hg4N2S2: C, 72.28 (72.50); H, 11.42 (11.76); N,
4.86 (4.84); 8, 11.35 (11.76).

2l1-cyano-l-heneicosyl thiol (14). A solution of 21-bromo-
l-heneicosene (974 mg, 2.61 mmol) and NaCN (170 mg, 3.5 mmol) in
15 mL DMSO were stirred at 80 °C for 1 h.2 After cocling to R.T.,
the solution was combined with 35 mL dist H20 and extracted with
hexanes (3 x 20 mL). The organic extracts were combined and
concentrated to yield a white solid which was purified by
chrcmatography (20% EtOAc/hexanes) to yield 2l-cyano-l-heneicosene
2s a white sclid (784 mg, 2.45 mmol, 94%). M.P. 44-45.5 °C. 1l
NMR (CDCl3, 250 MHz) & 5.80 (m, 1 H), 4.95 (m, 1 H), 4.93 (m, 1 H),
2.31 (¢, J =17 Hz), 2.01 (quart, J= 7 EBz), 2 H), 1.64 (gquint, J =

7 Bz, 2 H), 1.2-1.4 (m, 34 H).




A soluticen of 21-cyano-l-heneicosene (760 mg, 2.38 mmol),
thiolacetic acid (2 g), AIBN (10 mg) and 40 mL TEF was photolyzed
for 2 h.l The solution was combined with 40 mL dist H20 and
extracted with Zt20 (3 x 20 mL). The crganic extracts were
ccmbined and concentrated to give a solid that was purified by
chromatography (25% EtOAc/hexanes) to yield 21-cyano-l-heneicosyl

thicacetate as a white solid (765 mg, 1.9%3 mmol, 81%). M.P. €5-66

°C. iH NMR (CDCli, 300 MHz) 8 2.84 (t, 2 ¥, J= 7 Hz), 2.30 (t, 2

)

E, J=7%z), 2.29 (s, 3 ), 1.61 (m, 2 K), 1.2-1.5 (m, 36 =).
A sclution of 21-cyano-l-heneicosyl thicacetzte in 40 mL MeCH
was decxygenated with Np. Granular XC03

irred focr 2 h uncder Ny. The reacticn was cuenched by

| &
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]
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(0]
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5 mL conc EC1l, zdded to 50 mL dist E20 and extracted

.

additicn of
with Zt20 (3 x 25 mL). The corganic extrazcts were combined and
concentrated., Purification by chromatogrzphy (1:8 ZtOAc/hexanes)

vielced the title compound as a white solid (451 mg, 1.28 mmol,

i3

65%). M.P. 47-48 °C. 1H NMR (CDClz, 300 MHz) & 2.50 (quart, 2 H,

J=17Hz), 2.31 (¢, 2 4, J=17 Bz), 1.61 (m, 4 H, J =7 Ez), 1.30
(¢, 1 2, Jg=17 Ez), 1.2-1.5 (m, 34 E). RApnal. Calcd (Tound) for

C22H43NS: C, 74.72 (75.18); H, 12.26 (12.33); N, 3.%96 (3.89); S,

.07 (8.70).
10-Mercapto-l-decanol (17). A solution of S-decenol (3.21
g, 20.6 mmol), thicacetic acid (2 mL) and AIBN (5 mg) in TEF (50

ml) was photolyzed for 12 h.l The solution was concentrated, and

10-thiocacetyl-1~-decanol was obtained by chromatography (15%

EtOAc/hexanes) and further purified by recrystallization frcm

hexanes (3.75 g, 16.1 mmol, 79%). M.P. 28.5-29.3 °C. 14 NMR

(0.5 ¢) wes adcded zand the




(CDCl3, 250 MHz) & 3.61 (t, 2 H, J=7 KHz), 2.83 (t, 2 H, J=7
Hz), 2.2% (s, 3 H), 1.53 (m, 4 H), 1.2-1.4 (m, 12 H). ZAZpal.
Calcd (Found) for C312H2402S: C, 62.02 (62.31); H, 10.41 (10.76); S
13.80 (13.34). '

A methanolic solution (50 mL) of 10-thicacetyl-l-decanol (1.43
g, 6.17 mmol) was deoxygenated with bubbling.Nz for 30 min.
Granular KpCO3 (0.5 g) was added and the mixture stirred for 2 h
under Nz. The reaction was guenched with glacial AcCH (2 ml) and
adcded to 50 mL dist H20. Extraction with CHCl3 (3 x 25 mL) &and

ication by chromatography (20% EtCAc/hexanes) cave the title

vri

‘U

ccmpound as a colcrless oil (1.05 g, 5.53 mmol, S0 %). 3IH NMR
(COCls, 300 MEz) § 3.62 (¢, 2 H, Jg=17 Ez2), 2.50 (guazrt, 2 5, J=71
®z), 1.45-1.6 (m, 4 H), 1.31 (¢, 1 B, J=17 Hz), 1.2-1.4 (=, 12
2).

21-Docosenyl t-butyldimetbylsilyl ether. A solution of
10-uncdecylenic magnesium bromicde was prepared by dropwise additien
of 1ll-bromo-l-undecene (5.59 g, 24.0 mmcl, in 20 mL TKEF into a
flame-dried flask containing Mg and 50 mL TEF. The Grignard
solution was then added dropwise to a flask containing ll-bromo-
tndecyl t-butyldimethylsilyl ether® (4.53 g, 12.4 mmol), and
LipsCuCly (0.3 mmol) in 50 mL THF at 0 °C.3 The reaction warmed to
room temperzture overnight. The reaction mixture was added to an
acueocus solution of NH4Cl (30 g in 125 mL dist H20) to remove the
copper salts. The layers were separated and the aquesous fraction
extracted with 50 mL THF. The organic extracts were combined and
concentrated to give a yellow oil. The title compound was

cbtained by chromatography (hexanes followed by 2% EtOCAc/hexanes)
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2s a colerless oil (3.92 g, 8.94 mmol, 72%). 1H NMR (CDCls, 250

MEz) & 5.80 (m, 1 H), 4.85 (d, 1 H, J = 28 Hz), 4.83 (m, 1 H), 3.%7

(¢, 2 B, J= 17 Hz), 2.02 (guart, 2 B, J =17 Hz), 1.49 (m, 2 B, J =

7 ¥z), 1.2-1.4 (m, 34 H), 0.87 (s, 6 H), 0.03 (s, 9 H).

21-Docosen-1l-cl. A solution of tetrebutylammmonium fluoride

EF (20 mL, 1.0 M) was added to 2l-docosenyl

TEF.

)
iy
o

t-zutyldimethylsilyl ether (3.92 g, 8.94 mmol) in 40 mL
fcr 2.5 h and concentrated under recduced

cressure. The title ccmpecund wes obtained by chromatecrazhy (1:4

EtQAc/hexanes) as a white solid (2.70 g, 8.32 mmol, 93%). M.?P.

§0-£1°C. 13 NMR (CDCla, 3200 MHz) 6 5.79 (m, 1 H), 4.85 (4, 1 #, J

32 Hz), 4.83 (m, 1 E), 3.61 (t, 2 H, J=17 Hz), 2.01 (gquart, 2

#, J=17%5z), 1.84 (m, 2 2, J=7 Ez), 1.2-1.4 (=, 34 EH).

22-Mercapto-1-Docosanocl (20). A solution cf 21-docesen-1-ol

oy o
w

(2.01 ¢, 6.21 mmol), thiocacetic acid (2 ml), AIBN (2 m¢) &nd T=HE

{30 ml) was photolyzed for 4 h. The reacticn mixture was accced

to 40 mL di.t 720 and extracted with Et20 (2 x 25 mL). The orcanic

extracts were combined and concentrazted to give a white solid.

erial was cdissolved in MeCH (100 mL) and the soluticn purce

ct

Th

4]
3]

=4

with N2 for 30 min. Conc HCY (10 mlL) was added and the solution

refluxed fcr 4 h. Upon cooling, the product crystallized out and

was ccllected by filtration. The title compound was purified

further by recrystallization from hexanes (1.27 g, 3.55 mmel,

57%). M.P., 72-73 °C. 1B NMR (CDCli, 250 MHz) & 3.62 (t, 2 H, J =

7 Hz), 2.5%0 (cuart, 2 B, J= 7 Hz), 1.45-1.65 (m, 4 H), 1.31 (t, 1

H, J= 7 Hz), 1.2-1.4 (m, 36 H). 2anal. Calcd. (Found) for

C22H4¢0S: C 73.67 (73.8%); H 12.93 (12.83).




li-Mercapto-undecanamide (21}. A solution cf
-urdecenanide® [(2.24 ¢. 16.6 mmol), thiocacetic acid (3 mL), AIEN
(S mg), in 80 mL TEF/MeCH (1:1) was photolyzed for 12 h.- The
reacticn mixture was cencentrated and gcave a solid.
Recrystallization frem EZtCHE/E20 cave ll-thicacetyl-undecanamicde as
a white sclid (2.64 ¢, 14.0 mmol, E€5%). M.P. $1-92 °C. IH NMR

(C2Cls, 220 M=z2) 8 5.42 (br, ®), 2.83 (&, 2 2, J= 7 Ez), 2.29

(.08 ¢, 4.10 mrmecl) was decxygenzted with N2 fcr 30 min. Cranuler
X2CC3 (0.3 ¢) was zdced and the mixture stirred uncder Nz fcr 12 h.
The reacticn was guenched by additicn cf 3 mL glacizl zcetic zcid
and acdced to 50 mL dist H30. The title compcund was cktained by

ch.

rat

t

[
~
rt
"
Y
O

Ticn with CHClz (3 x 30 m1) and stbseguent ccC

o}

ce.‘

'y

urificaticn ty column chrcmetograzhy (1% MeCH/CHClsz) cave 11-
mercaptce-uncecanamide as a white solid (0.50 g, 2.3 mmcl, Z€%).

M.P. S0-¢1 °C. 3 NMR (CDCla, 300 MHz) & 5.57 (bxr, 2! 2.49

o

e 3
~
~

{(cvart, 2 B, J =17 ¥z), 2.20 (¢, 2 #, J =17 Bz), 1.45-1.6 (m, 4
%), 1.20 (¢, 1 H, J= 7 Hz), 1.2-1.4 (m, 12 H). Znal. Calcd
(Fcund) for C33H23NOS: C, 60.78 (61.01); H, 10.67 (11.01); N, 6.44

(6.36); S, 14.75 (14.60).
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